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Abstract

Room temperature operation of flashlamp pumped Nd:YAG at 0.946
pm was achieved with a laser rod having undoped ends. Performance
was characterized and compared with 1.064 um operation and other
quasi four level lasers.
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A flashlamp pumped, room temperature, Nd:YAG laser operating
at 0.946 um with a threshold of 16.8 J and a slope efficiency of
0.0032 has been achieved. To date, flashlamp pumped operation of
Nd:YAG on the 0.946 um transition has often been limited to reduced
temperatures and modest efficiencies [1]). Modest performance is
often ascribed to its quasi four level nature. However, it is
shown here that laser is also limited by the competing 1.064 um
transition. These effects are mitigated through careful design,
including the use of undoped YAG ends bonded onto the laser rod.
An analysis of the laser, including a novel approach to describing
the effect of the competing transitions, demonstrates that most
standard laser rod designs are not conducive to good performance at
0.946 pum. However, with attention to the design, performance
competitive with the performance at 1.064 um is possible.

Quasi four level operation and a relatively small stimulated
emission cross section by themselves do not preclude the Nd:YAG
laser from operating efficiently at 0.946 pm. A table comparing
the NA:YAG laser operating at 0.946 um with another gquasi four
level laser, Ho:Tm:Er:YLF, appears below.

Wavelength 0.946 1.064 2.0561 Lm
Material Nd:YAG Nd:YAG Ho:Tm:Ex:YLF
Thermal occupation
Upper 0.60 0.40 0.0874
Lower 0.0072 0 0.0286
Transparency 0.012 0 0.25
Cross Section 3.7 34.0 1.8 +10%m’

Using the thermal occupation factors or Boltzmann factors of the
upper and lower laser levels for the two laser materials, only
0.012 of the Nd atoms must be excited to the upper laser manifold
Fo overcome the thermal population in the lower laser level, that
is to achieve optical transparency. On the other hand, 0.25 of the
Ho atoms are required for optical transparency. In addition, the
emission cross section of Ho:Tm:Er:YLF laser is a factor of two
smaller than that of the 0.946 um transition. Yet the flashlamp
pumped Ho:Tm:Er:YLF laser operates efficiently at room temperature
[2). The additional effect which must be taken into account with
the 0.946 pm Nd:YAG laser is the high gain on the competing 1.064
um transition. A gain of exp(l) at 0.946 um implies a gain of



exp(10) at 1.064 pum.

Gain measurements of the flashlamp pumped NAd:YAG laser
confirmed the effects associated with the high gain at 1.064 um.
Gain at 1.064 pm is plotted versus pump energy in Figure 1. Gain
does not increase linearly with pump energy, rather it tends to
saturate at a value between about 3.0 and 4.0, depending on the
particular laser design. Again depending on the laser design, this
level of inversion may not be enough to even achieve optical
transparency. To increase the level of inversion for the 0.946 um
transition without exceeding the gain limit set by the competing
1.064 um transition, the laser rod was kept short and undoped YAG
ends were bonded onto the ends to minimize any unpumped volume.

Decay of the inversion can be well described using a novel
approach to the generalized amplified spontaneous emission, the
addition of a quadratic loss term. An advantage of this approach
is that the resulting differential equation can be solved in closed
form and the parameters can be readily physically identified.
Decay of the upper laser level is shown in Figure 2 where the
nonexponential behavior of the decay is observable at high gain
levels. A curve fit of the solution to the differential equation
to the data yields a line which is nearly indistinguishable from
the measured curve, as shown in the Figure.

Using the short laser rod with undoped YAG ends, a flashlamp
pumped Nd:YAG laser was characterized both at 0.946 and 1.064 um as
a function for various output mirrors and operating temperatures.
A folded resonator, with a folding mirror highly transparent at
1.064 pum, was used for discrimination. By plotting the slope
efficiency as a function of the mirror reflectivity, it was
determined that the losses at 0.946 um were quite large. This is
due primarily to the antireflection coatings on the laser rod which
were centered so as to avoid parasitic lasing at 1.064 pm.

A flashlamp pumped, room temperature, Nd:YAG laser produced a
threshold of 16.8 J and a slope efficiency of 0.0032 when operated
at 0.946 um. When operated at 1.064, this laser produced a slope
efficiency of 0.025. Differences in the slope efficiencies can be
attributed to several effects including: increased lpsses at 0.946
pm, smaller beam radius, increased fluorescent losses due to
amplified spontaneous emission, and less efficient pumping due to
a blue shift in the lamp output spectrum. These effects have been

gvaluated and their cumulative effect accounts for the difference
in the observed slope efficiencies.
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